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(57) Abstract: The invention concerns a position sensor, designed in particular for detecting a steering column torsion, consisting 
of a first magnetic structure including a plurality of magnets and a second magnetic structure including two ferromagnetic rings 
(6, 7) having a plurality of teeth (It, 12) and defining an air gap wherein is placed at least a magneto-sensitive element (15), the 
two magnetic structures being respectively integral with two parts in relative rotation. The invention is characterised in that the two 
ferromagnetic rings (6, 7) are nested and have each a substantially tubular part forming axiaJly oriented teeth (U, 123) connected by 
•a flux-closing zone ( 13, 14), the detecting air gap being delimited by said flux-closing zones. 
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(57) Abrege : La presence invention conceme un capteur de position, no f am men c destine a la detection de la torsion d'une colonne de 
direction, constitue par une premiere structure magnetique comprenant une pluralite d'aimants et une deuxieme structure magnetique 
comprenant deux couronnes (6, 7) ferromagnetiques presentant une pluralite de dents (11, 12) et definissant un entrefer dans lequel 
est place au moms un element magnetosensible (15), les deux structures magnetiques etant solidaires respectives de deux parties en 
rotation relative, caracterise en ce que les deux couronnes (6, 7) ferromagnetiques sont tmbriquees et presentent chacune une partie 
sensiblement tubuiaire formant des dents (11, 123) orientees axialemenc, reliees par une zone de fermerure de flux (13, 14), P entrefer 
de detection etant delimite par lesdites zones de fermeture de flux. 
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CAPTEUR DE POSITION, NOTAMMENT DESTINE A LA 
DETECTION DE LA TORSION D ' UNE COLONNE DE DIRECTION. 

La presenile invention concerne le domaine des 
capteurs de position, et plus particulierement les capteurs de 
5 position destines a la mesure de la torsion d 1 une colonne de 
direction, sans que cette application ne soit exclusive. 

On connait dans 1 1 etat de la technique le brevet 
americain US4984474 decrivant un capteur de I'etat de la' *~ 
technique, presentant une partie statorique constitute par une 
10 piece f erromagnetique formant des dents radiales, fur deux 
etages, placees en regard d'aimants multipolaires aimantes 
radialement en sens alternes. 

Une piece f erromagnetique additionnelle est placee 
en regard de la partie statorique, et presente un entrefer 
15 dans lequel est disposee une sonde de Hall. 

Cette solution de 1 1 art anterieur n'est pas 
satisf aisante car elle conduit k une perte de signal 
magnetique entre la partie statorique et la partie comprenant 
la sonde de Hall. Par ailleurs, le champ magnetique genere par 
20 les aimants donne lieu a des pertes dues a la structure du 
capteur. 

On connait egalement dans 1 ' etat de la technique un 
capteur decrit dans le brevet americain US47 84002 decrivant un 
autre capteur de position, const itue par une partie presentant 
25 une pluralite d'aimants oriente.s axialement, cooperant avec 
des dents radiales d'une partie statorique. 

Cette structure conduit egalement a des fuites 
magnetiques et a une efficacite reduite, se traduisant par un 
rapport "signal sur bruit" mediocre. 
30 Le but de la presente invention est de remedier a 

ces inconvenients en proposant un capteur de position 
ameliore, dont le rapport signal sur bruit est meilleur. 

Un autre but de 1' invention est de reduire 
1'encombrement radial. 
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A cet effet, 1 ' invention concerne selon son 
acception la plus generale un capteur de position, notamment 
destine a la detection de la torsion d ' une colonne de 
direction, constitue par une premiere structure magnetique 
comprenant une pluralite d 1 aimants aimantes radialement et une 
deuxieme structure magnetique comprenant deux couronnes 
ferromagnetigues presentant une pluralite de dents et 
definissant un entrefer dans lequel est place au moins un 
element magnetosensible, les deux structures magnetiques etant 
solidaires respectives de deux parties en rotation relative, 
caracterise en ce que les deux couronnes ferromagnetigues sont 
imbriquees et presentent chacune une partie sensiblement 
tubulaire formant des dents orientees axialement, reliees par 
une zone de fermeture de flux transversale , 1' entrefer de 
detection etant delimite par lesdites zones de fermeture de 
flux. 

Avantageusement, la premiere structure magnetique 
est constitute par une culasse tubulaire f erromagnetique , 
presentant une pluralite d'encoches tangentielles dans 
lesquelles sont loges des aimants minces aimantes sensiblement 
radialement, en sens identiques . 

Selon un mode de realisation pr£fer<§, la hauteur 
des dents correspond sensiblement a la hauteur des aimants. 

Selon une variante, la premiere • et la seconde 
structure magnetiques sont mobiles par rapport a 1" element 
magnetosensible . 

Selon un mode de realisation particulier, le 
capteur de position comporte N elements magnetosensibles , N 
correspondant au nombre de phase d'un moteur a courant continu 
sans balai dont le deplacement est commande par ledit capteur. 

Selon un premier mode de realisation, les couronnes 
presentent des zones de fermeture de flux discales . 
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Selon un deuxieme mode de realisation, les 
couronnes presentent des zones de fermeture de flux semi- 
toriques - 

Selon un troisieme mode de realisation, les 
5 couronnes presentent des zones de fermeture de flux decoupees 
pour former une pluralite de dents • 

Selon une autre mode de realisation, les couronnes 
presentent des zones de fermeture de flux s 1 etendant sur 360°. 

Selon une autre variante, les couronnes presentent 

10 des zones de fermeture de flux s ' etendant sur un secteur 
angulaire correspondant sensiblement a la dimension de 
1' element magnetosensible. 

Ii' invention concerne egalement un capteur de 
torsion comprenant deux parties rotatives reliees par une 

15 eprouvette elastique, et un capteur de position comprenant 
deux parties solidaires respectivement desdites parties 
rotatives, le capteur de position etant constitue par une 
premiere structure magnetique comprenant une pluralite 
d'aimants aimantes radialement et une deuxieme structure 

20 magnetique comprenant deux couronnes f erromagnetiques 
presentant une pluralite de dents et definissant un entrefer 
dans lequel est place au moins un element magnetosensible, les 
deux structures magnetiques etant solidaires respectives de 
deux parties en rotation relative, caracterise en ce que les 

25 deux couronnes f erromagnetiques sont imbriquees et presentent 
chacune une partie sensiblement tubulaire formant des dents 
orientees axialement, reliees par une zone de fermeture de 
flux transversale, 1' entrefer de detection etant delimite par 
lesdits zones de fermeture de flux, 

30 La presente invention sera mieux comprise a la 

lecture de la description qui suit, se referant aux dessins 

annexes relatifs a un exemple non limitatif de realisation, 
ou : 
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- la figure 1 represente une vue schematique d'une 
colonne de direction ; 

' la figure 2 represente une vue eclatee d'un 
premier exemple de realisation d'un capteur ; 

- la figure 3 represente une vue de la deuxieme 
structure dudit capteur ; 

- la figure 4 represente une vue agrandie, en 
coupe partielle, du capteur ; 

- la figure 5 represente une vue eclatee d'une 
deuxieme forme de realisation ; 

- la figure 6 represente la courbe de reponse du 
capteur selon la figure 5 ; 

- la figure 7 represente une autre variante de 
realisation (sonde fixe et stator fixe) ; 

- la figure 8 represente une vue en coupe 
tr ans vers ale , 

- La figure 9 represente une variante de 
realisation de 1 1 invention dans laquelle 
l'entrefer de detection est situe entre- deux 
elements fixes. 

L'objet de 17 invention est de remedier a ces 
problemes de f aibles sensibilites et est relative aux capteurs 
de position sans contact destine a la mesure d' angles voisins 
ou inferieurs a 10°, dans des applications telles que les 
capteurs de couple de colonne de direction par exemple (le 
signal sera ensuite exploite pour 1' assistance de direction). 
Le capteur de position angulaire decrit dans ce qui suit est 
destine a la mesure d'un ecart angulaire tres faible (quelques 
degres) entre deux arbres relies par une barre de torsion. Une 
telle application de mesure de couple est decrite a la figure 
1. Dans le domaine de deformation lineaire de cette barre de 
torsion, cet ecart angulaire (ccl - a2) sera proportionnel au 
couple applique entre les deux arbres (1) (3) relies par une 
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eprouvette (2) deformable elastiquement . La mesure de cet 
ecart angulaire par le capteur va permettre de deiivrer un 
signal electrique en sortie de 1' element magnetosensible qui 
soit proportionnel au couple applique. Dans le cas du capteur 
5 de couple de colonne de direction le capteur (4) doit de plus 
permettre la mesure de 1' ecart angulaire entre deux arbres 
tournant par rapport au referentiel fixe qu'est l'habitacle de 
la voiture. C'est-a-dire que a t et a 2 sont des angles qui 

peuvent etre superieurs a 360° (la colonne de direction peut 

10 faire plusieurs tours). La mesure angulaire doit done avoir 
lieu entre les deux arbres (1) (3) lorsque la barre de torsion 
(2) se deforme, chacun des deux" arbres etant libres en 
rotation sur plusieurs tours. Un angle de travail en torsion 
typique dans cette application est de +/-2° a +/-4° maximum. On 

15 voit done que le probleme consiste d'une part* a fournir un 
capteur de position tres sensible et d' autre part un systeme 
permettant a 1' element magnetosensible d'etre fixe par rapport 
au referentiel habitacle. 

La figure 2 represente une vue eclat ee d'un premier 

20 exemple de realisation d'un capteur selon 1' invention, 

II est constitue d'une premiere structure 
magnetique (5) et d'une deuxieme structure magnetique formee 
par deux couronnes (6, 7) imbriquees . Les deux structures 
magnetiques presentent une forme generale tubulaire et sont 

25 coaxiales . 

La premiere structure magnetique (5) est formee par 
une culasse (8) de forme tubulaire presentant des cavites pour 
le logement d'une pluralite d'aimants minces (9) aimantes 
selon une direction radiale, ou selon une direction parallele 
30 a la direction radiale passant par le centre de l'aimant. 

Ces aimants sont encastres dans une cavite 
presentant entre 0,2 et 0,9 fois l'epaisseur de l'aimant. 

Les aimants sont separes par des secteurs 
angulaires (10) de la culasse. 
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La deuxieme structure est formee de deux couronnes 
ferromagnetiques (6, 7) presentant des dents (11, 12) 
s'etendant axialement , et separees par des intervenes vides 
permettant 1 ' imbrication des dents de la couronne opposee . 

Les dents sont prolongees par une zone de fermeture 
de flux respectivement (13, 14) s'etendant globalement dans un 
plan transversal, perpendiculaire a 1 ' orientation principale 
des dents. 

Ces deux zones de fermeture de flux delimitent un 
entrefer annulaire (16) dans lequel est positionnee un element 
magneto sensible (15). 

La figure 3 represente une vue de la deuxieme 
structure assemblee, sans la premiere structure qui vient se 
loger dans la cavite centrale et la figure 4 une vue en detail 
et en coupe dudit capteur. 

La premiere structure comporte N aimants ( 9 ) , et 
chacune des couronnes de la deuxieme structure presente N 
dents. L' element magnetosensible (15), par exempie une sonde a 
effet Hall programmable, est fixe par rapport au referentiel 
fixe correspondent a l'habitacle. II est place dans 1' entrefer 
(16) entre les 2 collecteurs ferromagnetiques (13) (14) qui 
ont chacun collecte le flux de N dents, et de fagon a 
permettre aux 2 coupelles de tourner de plusieurs tours. 

Chacune des structures est rotative, par rapport au 
referentiel habitacle et presente un mouvement differentiel de 
quelques degres l'un par rapport a 1' autre en fonction du 
couple applique, qui va se traduire par une variation de flux 
de quelques centaines de Gauss dans 1'entrefer tournant (16). 
Le signal analogique issu de la sonde de Hall (15) fournira 
done une image electrique du couple applique entre les 2 
arbres supportant d'une part le stator (6, 7) et d' autre part 
le rotor ( 5 ) . 

Dans le cas des capteurs de couple de colonne de 
direction, 1 ' information de couple est en general exploitee 
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pour piloter un moteur electrique du type moteur a courant 
continu sans balai (BLDC) . L' action de ce moteur electrique va 
etre de fournir 1' assistance electrique de direction,, en 
fournissant un couple proportionnel a.ceiui detecte par ie 

5 capteur de couple, tout en suivant une position 
proportionnelle a celle de la colonne de direction. De tels 
moteurs possedent en general 3 bobinages appeles « phases » 
reparties a 120° electriques. La rotation de ces moteurs 
triphases est assuree par un controleur qui va generer 3 

10 signaux sinusoidaux d' amplitude proportionnelle au couple 
fourni par le capteur de couple , tout en suivant une position 
proportionnelle a celle de la colonne de direction. En general 
ces 2 informations de couple et de position proviennent de 
deux capteurs dif f erents . 

15 Selon 1' invention decrite a la figure 5, il est 

possible que les collecteurs magnetiques (13) (14) soient 
dentes, et possedent D dents (19 r 20) sur 360°. Un element 
magnetosensible (15) place dans 1'entrefer (16) de la figure 5 
verra done un champ magnetique alterne, de periode 

20 proportionnelle a D et a la position de la partie 
c< statorique » (5) qui est tournante par rapport au 
referentiel fixe habitacle (mais statorique par rapport au 
- rotor (6) (7)), et aussi proportionnel au couple exerce entre 
(5) et (6)(7). 

25 Si l'on place dans 1'entrefer (16) 3 elements 

magnetosensibles (21, 22 , 23 ) espaces d'un pas polaire 
equivalent a 120° de periode electrique, on obtient en sortie 
de ces 3 elements magnetosensibles les 3 sinusoides decrites a 
la figure 6, dont 1 ' amplitude est proportionnelle au couple 

30 exerce sur la colonne de direction, et qui donnent en meme 
-temps une information de position de la colonne de direction • 

Si l'on choisit judicieusement le nombre de dents D 
en fonction du rapport de reduction R souvent associe au 
moteur BLDC, ces 2 informations combinees peuvent etre 
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directement utilisees pour piloter le moteur BLDC au travers 
d'un etage de puissance a transistors. 

La figure 7 representee une autre variante de 
realisation, dans laquelle ies couronnes presentent deux zones 
de fermeture de flux reduites a des secteurs angulaires (30, 
31) reduit dont les dimensions correspondent sensiblement aux 
dimensions de la sonde de Hall (15). 

Le principe decrit auparavant ne se limite pas aux 
applications de capteur de couple de colonne de direction, 
mais peut etre applique aux mesures de tres petits angles, 
telles que des applications de capteur de pedales de freinage 
ou d' accelerateur . On peut en effet imaginer que les 2 
collecteurs f erromagnetiques (13) (14) ne se developpent pas 
sur 360°, mais sont limites a quelques dizaines de degres, 
comme indiques a la figure 7. 

La figure 8 represente une vue en coupe 
transversale du capteur. 

La variante de structure presentee sur la figure 9 
a ete developpee dans le but de creer l'entrefer de detection 
(16) entre deux elements fixes (34, 35). 

De la meme maniere que dans les structures 
representees sur les figures precedentes , une variation 
d'induction est cre<§e dans les dents (11, 12) par un dephasage 
angulaire entre la premiere structure magnetique, c'est-a-dire 
le rotor (5), et deux structures magnetiques imbriquees , en 
1' occurrence des pieces dentees (32, 33). Le circuit 
magnetique est ensuite prolonge par des elements fixes (34, 
35) separees des structures magnetiques (32, 33) par un jeu 
mecanique (41). Ainsi, dans cette variante, les couronnes (6, 
7) sont ainsi constitutes de deux pieces dentees mobiles (32, 
33), et deux elements fixes (34, 35). 

Les deux elements fixes (34, 35) sont composees de 
deux zones d 1 integration du flux ( 36 , 37 ) entourant, 
completement (angle de 360°) ou partiellement , les pieces 
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dentees (32, 33), et de deux concentrateurs de flux rnagnetique 
(38, 39) creant un entrefer de detection (16) dans lequel sont 
inseres le ou les elements magnetos ens ibles (15, 40). 
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REVENDICATIONS 

1 — Capteur de position, notammeat destine a. la 
detection de la torsion d'une colonne de direction, constitue 
par une premiere structure magnetique comprenant une pluralite 
d'aimants et une deuxieme structure magnetique comprenant deux 
couronnes (6, 7) f erromagnetiques presentant une plurality de 
dents (11, 12) et definissant un entrefer (16) dans lequel est 
place au moins un element magnetosensible (15), les deux 
structures magnetiques etant solidaires respectives de" deux 
parties en rotation relative, caracterise' en ce que les deux 
couronnes (6, 7) f erromagnetiques sont imbriquees et 
presentent chacune une partie sensiblement tubulaire formant 
des dents (11, 12) orientees axialement, reliees par une zone 
de fermeture de flux (13, 14), 1 ■ entrefer de detection (16) 
etant delimits par lesdites zones de fermeture de flux. 

2 — Capteur de position selon la revendication 1, 
caracterise en ce que la premiere structure magnetique est 
constitute par une culasse tubulaire f erromagnetique , 
presentant une pluralite d'encoches tangentielles dans 
lesquelles sont loges des aimants minces aimantes sensiblement 
radialement en sens identiques . [ soit sous la forme d'aimants 
en forme de tuile aimantes radialement, soit sous la forme 
d'aimant parallelepipedique , aimantes selon une direction 
perpendiculaire au plan de la face principal, et done 
parallelement a une direction radiale passant par le centre de 
l'aimant considere] . 



3 — Capteur de position selon la revendication 1, 
caracterise en ce que la hauteur des dents correspond 
sensiblement a la hauteur des aimants. 
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4 — Capteur de position selon l'une au moins des 
revendications precedentes , caxacterise en ce que l'une au 
moins des structures magnetiques est mobile par rapport a 

■ 1' element magnetosensible • 

5 

5 — Capteur de position selon l'une au moins des 
revendications precedentes, caracterise en ce qu'il comporte N 
elements magnetosensibles , N correspondant au nombre de phase 
d'un moteur a courant continu sans balai dont le deplacement 

10 est commande par ledit capteur. 

g — Capteur de position selon l'une au moins des 
revendications precedentes, caracterise en ce que les 
couronnes presentent des zones de fermeture de flux de forme 
15 discale transversale. 

7 — Capteur de position selon l'une au moins des 
revendications 1 a 5, caracterise en ce que les couronnes 
presentent des zones de fermeture de flux de forme semi- 

20 torique . 

8 — Capteur de position selon l'une au moins des 
revendications 1 a 5, caracterise en ce que les couronnes 
presentent des zones de fermeture de flux de forme tubulaire. 

25 

9 — Capteur de position selon l'une au moins des 
revendications 1 a 5, caracterise en ce que les couronnes 
presentent des zones de fermeture de flux decoupees pour 
former une pluralite de dents . 

30 

10 — Capteur de position selon l'une au moins des 
revendications precedentes, caracterise en ce que les 
couronnes presentent des zones de fermeture de flux s 1 etendant 
sur 360°. 
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11 - Capteur de position selon l'une au moins des 
revendications 1 a 9, caracterise en ce que les couronnes 
presentent des zones de fermeture de flux s ' etendant sur un 
secteur angulaire correspondent sensiblement a la dimension de 
1 ' Element magnetosensible . 

12 — Capteur de position selon la revendication 1, 
caracterise en ce que les couronnes (6, 7) sont constitutes de 
deux pieces dentees mobiles (32, 33) et deux elements fixes 
(34, 35). 

13 — Capteur de torsion comprenant deux parties 
rotatives reliees par une eprouvette elastique, et un capteur 
de position comprenant deux parties solidaires respectivement 
desdites parties rotatives, le capteur de position etant 
constitue par une premiere structure magnetique comprenant une 
pluralite d'aimants aimantes radialement et une deuxieme 
structure magnetique comprenant deux couronnes 
ferromagnetiques presentant une pluralite de dents et 
dtfinissant un entrefer dans lequel est place au moins un 
element magnetosensible, les deux structures magnetiques etant 
solidaires respectives de deux parties en rotation relative, 
caracterise en ce que les deux couronnes ferromagnetiques sont 
imbriquees et presentent chacune une partie sensiblement 
tubulaire formant des dents orientees axialement, reliees par 
une zone de fermeture de flux transversale , 1 ' entrefer de 
detection etant delimite par lesdites zones de fermeture de 
flux. 
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POSITION SENSOR, DESIGNED IN PARTICULAR FOR DETECTING A 

STEERING COLUMN TORSION 

The present invention relates to the field of position sensors and, more 
particularly, to position sensors designed for measuring the torsion of a steering 
column, without the invention being however limited to this application. 

A sensor is divulged in the American patent US 4 984 474, which is illustrative 
of the state of the art. This sensor has a stator part comprised of a ferromagnetic 
piece exhibiting teeth which protrude radially on two levels and which are positioned 
facing multi-polar magnets, which are magnetized radially and in alternating 
directions. 

An additional ferromagnetic piece is placed facing the stator part and it 
exhibits an air gap in which is positioned a Hall sensor. 

This solution of the prior art is not satisfactory, since it is conducive to a loss of 
magnetic signal between the stator part and the part including the Hall sensor. 
Furthermore, the magnetic field, generated by the magnets, gives rise to losses due 
to the structure of the sensor. 

Another sensor is also divulged in the American patent US 4 784 002 which is 
also illustrative of the state of the' art. This sensor is comprised of a part exhibiting a 
plurality of axially oriented magnets, co-operating with the radial teeth of a stator 
part. 

This structure is also conducive to magnetic leakages and to a reduced 
efficiency, which is characterised by a poor " signal to noise " ratio. 

The objective of the present invention is to remedy these drawbacks by 
proposing an improved position sensor with a better " signal to noise " ratio. 

Another objective of the invention is to reduce the radial bulk. 

To this end, the invention provides a position sensor - this term being used 
here in the broadest accepted sense thereof - which is designed, in particular, for 
detecting the torsion of a steering column and which is comprised of a first magnetic 
structure including a plurality of radially magnetised magnets and of a second 
magnetic structure including two ferromagnetic crowns exhibiting a plurality of teeth 
and defining an air gap in which is placed, at least, one magneto-sensitive element, 
the two magnetic structures being integral with, respectively, two parts capable of 
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rotating one with respect to the other. The sensor is characterised in that the two 
ferromagnetic crowns are intermeshed and exhibit, each one, a part which Is 
substantially tubular and which forms axially oriented teeth, connected together by a 
transverse flux closing zone, the detection air gap being defined by said flux closing 



zones. 



Advantageously, the first magnetic structure is comprised of a ferromagnetic 
tubular yoke exhibiting a plurality of tangential grooves, wherein are housed thin 
magnets which are magnetised substantially radially, in the same direction. 

In a preferred embodiment, the height of the teeth corresponds, substantially, 

10 to the height of the magnets. 

In an alternate version, the first and the second magnetic structures are 
movable with respect to the magneto-sensitive element. 

In one particular embodiment, the position sensor includes N magneto- 
sensitive elements, wherein N corresponds to the number of phases of a boishiess 
is direct-current motor, of which the displacement is controlled by said sensor. 

In a first embodiment, the crowns exhibit disc-shaped flux closing zones. 
In a second embodiment, the crowns exhibit semi-toric flux closing zones. 
In a third embodiment, the crowns exhibit flux closing zones, which are cut out 
to form a plurality of teeth. . • 

20 In another embodiment, the crowns exhibit flux closing zones extending over 

360 °. 

In another alternate version, the crowns exhibit flux closing zones extending 
over an angular sector corresponding, substantially, to the dimension of the 

magneto-sensitive element. 

25 The invention is also concerned with a torsion sensor Including two rotatable 

parts connected by an elastic gauge member and a position sensor including two 
parts Which are Integral with, respectively, said rotatable parts, the position sensor 
being comprised of a first magnetic structure comprising a plurality of radially 
magnetised magnets and of a second magnetic structure comprising two 

30 ferromagnetic crowns exhibiting a plurality of teeth and defining an air gap, in which 
is placed, at least, one magneto-sensitive element, the two magnetic structures 
being integral with, respectively, the two parts capable of a rotation with respect to 
each other. The torsion sensor is characterised, in that the two ferromagnetic crowns 
are intermeshed and exhibit each one a part which is substantially tubular and which 



is formed with teeth which are directed axially and which are connected by a 
transverse flux closing zone, the detection air gap being defined by said transverse 
flux closing zones. 

The present invention will be better understood from the following description, 
made with reference to the appended drawings relating to a non-limiting exemplary 
embodiment, wherein : 

- figure 1 is a schematic view of a steering column : 

- figure 2 is an exploded view of a first exemplary embodiment of a sensor ; 

- figure 3 is- a view of the second structure of said sensor ; 

- figure 4 is an enlarged partly cross-sectional view of the sensor ; 

- figure 5 is an exploded view of a second embodiment ; 

- figure 6 shows the response curve of the sensor according to figure 5 ; 

- figure 7 illustrates another alternate version (with a fixed sensor and a fixed 
stator) ; 

- figure 8 is a cross-sectional view, taKen transversally ; 

- figure 9 Illustrates an alternate version of the invention, in which the 
detection air gap is located between two fixed elements. 

The objective of the invention is to remedy these problems of low sensitivity 
and it is aimed at contactless position detectors intended for the measurement of 
angles in the vicinity of 10 p or tower, in applications such as, for example, the torque 
sensors of steering columns (the signal will be used subsequently for assisting the 
steering). The angular position sensor described in the following is intended for the 
measurement of a very small" angular deviation (a few degrees) between two shafts 
connected by a torsion bar. Such an application for measuring a torque is illustrated 
in figure 1. In the domain where the deformation of this torsion bar is linear, this 
angular deviation (a1 - a 2) will be proportional to the torque applied between the two 
shafts (1), (3) connected together by a gauge member (2) which is capable of 
deforming elastically. The measurement of this angular deviation by the sensor will 
make it possible for the magneto-sensitive element to output an electrical signal, 
which will be proportional to the torque applied. In the case of a torque sensor of a 
steering column, the sensor (4) must additionally make it possible to measure the 
angular deviation between the two shafts rotating with respect to a reference fixed 
structure, namely the passenger compartment of the car. This means that a1 and a 
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2 are angles which can be in excess of 360 0 (the steering column can operate 
several turns). The angular measurement must therefore take place between the two 
. shafts (1) and (3) when the torsion bar (2) deforms, with each one of the shafts being 
free to rotate by several turns. A typical working angle of torsion, in this application, is 
5 from + /- 2 3 t0 + /- 4° maximum. It is hence clear that there is a need, on the one 
hand, to provide a position sensor which is highly sensitive and, on the other hand, to 
provide a system making it possible for the magneto-sensitive element to be fixed 
with respect to the reference passenger compartment. 

Figure 2 is an exploded view of a first embodiment of a sensor according to 

10 the invention. 

It is comprised of a first magnetic structure (5) and of a second magnetic 
structure comprised of two intermeshed crowns (6, 7). The two magnetic structures 
have a generally tubular shape and are coaxial. 

The first magnetic structure (5) is comprised of a yoke (8) having a tubular 
15 shape and exhibiting recesses for housing a plurality of thin magnets (9), which are 
magnetised along a radial direction or along a direction running parallel to the radial 
« direction extending through the centre of the magnet. 

These magnets are inserted in cavities measuring 0.2 - 0,9 times the 
thickness of the magnet. 
20 These magnets are spaced apart by angular sectors (10) of the yoke. 

The second structure is comprised of two ferromagnetic crowns (6, 7) 
exhibiting teeth (11, 12) which extend axially and which are spaced apart by empty 
intervals enabling the meshing of the teeth of the opposite crown. 

The teeth are integral with respective flux closing zones (1 3, 14) extending 
25 generally in a transverse plane, perpendicularly to the main orientation of the teeth. 
These two flux closing zones define an annular air gap (16), in which is 
positioned a magneto-sensitive element (15). 

Figure 3 is a view of the second structure, once assembled, without the first 
structure, which is designed for being housed in the central recess and figure 4 is a 
30 cross-sectional detailed view of said sensor. 

The first structure includes N magnets (9) and each one of the crowns of the 
second structure has N teeth. The magneto-sensitive element (15), for example a 
programmable Hall effect sensor, is fixed with respect to the reference passenger 
compartment. The sensor is placed in the air gap (16) between the two 



ferromagnetic collectors (13) and (14), which receive each one the flux from N teeth 
and in such a manner as to allow the 2 cups to rotate by several turns. 

Each one of these structures is capable of rotating relatively to the reference 
passenger compartment and they undergo, one relatively to the other, a differential 
motion of a few degrees, which is dependant upon the torque applied and which will 
produce a variation in the flux of a few hundred Gauss in the rotatable air gap (16). 
The analogue signal output by the Hall sensor (15) will provide an electrical 
representation of the torque applied between the 2 shafts supporting, on the one 
hand, the stator (6, 7) and, on the other hand, the rotor (5). 

In the case of the torque sensors of steering columns, the information relating 
to this torque is generally used for controlling an electrical motor of the brushless 
direct-current type (BLDC). This electrical motor will act to provide the electrical 
assistance needed for the steering, by producing a torque which is proportional to 
that detected by the torque sensor, while following a position which is proportional to 
that of the steering column. Such motors have generally 3 coils termed "phases" and 
spaced apart electrically by 120 °. These three-phased motors are driven in rotation 
by a controller, which will generate -3 sinusoidal signals of an amplitude which is 
proportional to the torque output by the torque sensor, while following a position 
which is proportional to that of the steering column. Generally, these two torque and 
position informations are provided from two different sensors. 

According to the invention described in relation with figure 5, it is possible to 
provide the magnetic collectors (13) (14) with teeth, namely with D teeth (19, 20) 
distributed over 360 °. A magneto-sensitive element (15) placed in the air gap (16) of 
figure 5 will therefore be subjected to an alternating magnetic field, having a period 
which is proportional to D and to the position of the "stator part (5) which is rotatable 
with respect to the reference passenger compartment (but static with respect to the 
rotor (6) (7)) and which is also proportional to the torque applied between (5) and (6), 
(7). 

If one places in the air gap (16) three magneto-sensitive elements (21, 22, 23) 
spaced apart by a pole pitch amounting to an electrical spacing of 120 °, then, at the 
output of these 3 magneto-sensitive elements, the 3 sinusoidal curves described in 
relation to figure 6 are obtained, which have an amplitude which is proportional to the 
torque exerted upon the steering column and which, at the same time, yield 
information concerning the position of the steering column. 
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25 



if the number of teeth D is selected judiciously according to the reducing ratio 
R often associated with the BLDC motor, the two informations, combined, can be 
used directly for controlling the BLCD motor via a transistor power stage. 

Figure 7 shows another version, in- which the crowns have two flux closing 
zones restricted to angular sectors (30, 31), of which the dimensions correspond 
substantially to the dimensions of the Hall sensor (1 5). 

The principle explained above is not limited to applications involving torque 
sensors for steering columns, but can be applied to other measurements of very 
small angles, for instance to position sensors of brake pedals or of gas pedals. One 
can in fact design the two ferromagnetic collectors (1 3) (14), so as not to extend over 
360 \ but to be restricted to a few tens of degrees, as illustrated in figure 7. 
Figure 3 is a cross-sectional-view of the sensor, taken transversally. 
The alternate structure shown in figure 9 was designed for the purpose of 
providing the detection air gap (16) between two fixed elements (34, 35). 

Similarly to the structures illustrated in the previous figures, a variation of the 
induction is created In the teeth (1 1 , 12) by an angular shift between the first 
magnetic structure, namely the rotor (5) and the two intermeshed magnetic 
structures, namely the toothed pieces (32,- 33). The magnetic circuit is then extended 
by fixed elements (34, 35) spaced from the magnetic structures (32, 33) by a 
mechanical means (41). Accordingly, in this alternate version, the crowns (6, 7) are 
comprised of two toothed movable pieces (32, 33) and of two fixed elements (34, 
35). 

The two fixed elements (34, 35) are. comprised of two flux integration zones 
(36, 37) surrounding either completely (over an angle of 360 •) or partly the toothed 
pieces (32, 33 and of the two concentrators (38, 39) for the magnetic flux, forming a 
detection air gap (16) into which is, or are, inserted the magneto-sensitive element or 
elements (15, AO). 
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CLAIMS 

1 - A position sensor, which is designed, in particular, for detecting the 
torsion of a steering column and which is comprised of a first magnetic structure 
5 including a plurality of magnets and of a second magnetic structure including two 
ferromagnetic crowns (6, 7) exhibiting a plurality of teeth (11,12) and defining an air 
gap (16), in which is placed, at least, one magneto-sensitive element (15), the two 
magnetic structures being integral with, respectively, two parts capable of rotating 
one with respect to the other, characterised in that the two ferromagnetic crowns (6, 
io 7) are intermeshed and exhibit, each one, a part which is substantially tubular and 
which forms axially oriented teeth (11, 12), connected together by a transverse flux 
closing zone (13, 14), the detection air gap (16) being defined by said flux closing 
zones. 

15 2 - A position sensor according to claim 1, characterised in that the first 

magnetic structure is comprised of a ferromagnetic tubular yoke exhibiting a plurality 
of tangential grooves, wherein are housed thin magnets which are magnetised 
substantially radially in the same direction [either as magnets shaped as radially 
magnetised tiles, or as paralleleplpedal magnets, magnetised along a direction which 

20 is perpendicular to the plane of the main face and, therefore, parallel to a radial 

direction extending through the centre of the magnet considered], 

»• 

3 - A position sensor according to claim 1 , characterised in that the height 
of the teeth corresponds, substantially, to the height of the magnets. 

25 

4 - A position sensor according to, at least, one of the preceding claims, 
characterised in that, at least, one of the magnetic structures is movable with respect 
to the magneto-sensitive element. ■ 

30 5 - A position sensor according to, at least, one of the preceding claims, 

characterised in that it includes N magneto-sensitive elements, wherein N 
corresponds to the number of phases, of a brushless direct-current motor, of which 
the displacement is controlled by said sensor. 
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6 - A position sensor according to, at least, one of the preceding claims, 
characterised in that the crowns exhibit transverse disk-shaped flux closing zones. 

7 - A position sensor according to, at least, one of claims 1 to 5, 
characterised in that the crowns exhibit semi-toric flux closing zones. 

8 - A position sensor according to, at least, one of claims 1 to 5, 
characterised in that the crowns exhibit tubular flux closing zones. 

9 - A position sensor according to, at least, one of claims 1 to 5, 
characterised in that the crowns exhibit flux closing zones, which are cut out to form 
a plurality of teeth. 

1 0 - A position sensor according to, at least, one of the preceding claims, 
characterised in that the crowns exhibit flux closing zones extending over 360 °. 

1 1 - A position sensor according to, at least, one of claims 1 to 9, 
characterised in that the crowns exhibit flux closing zones which extend over an 
angular sector corresponding substantially to the dimension of the magneto-sensitive 
element. 

12 - A position sensor according to claim 1 , characterised in that the crowns 
(6, 7) are comprised of two movable toothed pieces (32, 33) and of two fixed 
elements (34, 35). 

1 3 - A torsion sensor including two rotatabl© parts connected by an elastic 
gauge member and a position sensor including two parts which are integral with, 
respectively, said rotaiable parts, the position sensor being comprised of a first 
magnetic structure comprising a plurality of radially magnetised magnets and of a 
second magnetic structure comprising two ferromagnetic crowns exhibiting a plurality 
of teeth and defining an air gap in which is placed, at least, one magneto-sensitive 
element, the two magnetic structures being integral with, respectively, the two parts 
capable of a rotation with respect to each other, characterised in that the two 
ferromagnetic crowns are intermeshed and exhibit, each one, a part which is 
substantially tubular and which is formed .with teeth which are directed axially and 
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which are connected by a transverse flux closing zone, the detection air gap being 
defined by said transverse flux closing zones. 
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